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PREVALENCE OF COMMUNICABLE DISEASES IN THE
UNITED STATES

September 11-October 8, 1938

The accompanying table summarizes the prevalence of eight im-
portant communicable diseases, based on weekly telegraphic reports
trom State health departments, published each week in the PusLic
Heavte REporTs under the section ‘“Prevalence of disease.” The
table gives the number ot cases of these diseases for the 4-week period
ending October 8, the number reported for the corresponding period in
1937, and the median number for the years 1933-37. ’

DISEASES ABOVE MEDIAN PREVALENCE

Inﬂuenza —The expected seasonal rise of influenza was apparent in
all regions of the country. The number of cases (2, 653) was about 35
percent above the number reported for the corresponding period in
1937, which figure also represents the median incidence for the years
1933-37. The South Atlantic and South Central areas seemed to be
mostly responsible for the excess incidence; in the South Atlantic
region the number of cases (1,219) was the highest reported in that
region in recent years. The incidence was relatively low in the North
Central and Pacific areas and about normal in the North Atlantic area.

Smallpox.—For the 4 weeks ending October 8 there were 157 cases of
smallpox reported, as compared with 232, 123, and 109 for the cor-
responding period in 1937, 1936, and 1935, respectively. While the
current incidence was only about 70 percent of the incidence in 1937,
it was still. high in relation to the 1933-37 average. Of the various
geographic areas the East North Central, East South Central, Moun-
tain, and Pacific reported more than the average number of cases,
while in the West North Central West South Central, and South
Atlantic regions the incidence was slightly below the average. The
North Atlantic regions remained free from the disease.
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Measles.—The reported number of cases (3,033) of measles for the
current period was only slightly below that for the corresponding
period in 1937. For the country as a whole the incidence was about
30 percent in excess of the 1933-37 median incidence, and in each
geographic area except the Middle Atlantic and West South Central
the number of cases was considerably above the average incidence of

recent years.

Number of reported cases of 8 communicable diseases in the United Slates during
the 4-week period September 11-October 8, the number for the corresponding period
m 1987,land the median number of cases reported for the corresponding period
1938-37

5 & 5 5
Cur- Cur- Cur- Cur-

Division rent | 1987 { J00F | rent | 1087 | J207 | rent | 1087 | T | rent | 1937 | Yoar

period dian [Period dian (period period 0

Meningococcus

Diphtheria Influenza ? Maeasles 3 ‘meningitis

United States !.__..|3,309 (2, 840 |3,568 2,653 |1,955 1,955 3,033 3,081 {2,306 | 113 | 212 212
46 13 12 121 182 107 | 119 6 7 8
202 59 85 55| 389 11,083 | 523 28 43 4
528 | 177 | 87| 87| 506 410 13 41 41
304 | 117§ 123.| 148 | 397 | -189 10 2 17
1,064 |1,219 | 835 | 716 | 374 | 249 | 249 2 34 30
700 163 | 156 | 121 | 195 18| 25 25
320| 591 614 28| 110| 117 | 117 [] 18 11
75| 136 | 101 65| 274 | 319 98 4 7 6
122 76| 105} 123 | 680 | 140 | 344 1 10 9
’ ’ Typhoid and i;ara~

Poliomyelitis Scarlet fever Smallpox typhoid fever
United States!_.... 244 (2,615 [1,271 |6,621 (7,431 (8,107 | 157 | 282 | 123 |1,737 |2, 211 | 2,604
New England. . .......... 11) 189 ) 125| 286 | 382 | 432 0 [ 0 38 6| 5
Middle Atlantic..........| 56| 458 | 458 | 851 1,125 [1,276 0 0 0 207 | 322 322
East North Central__.....| 54| 750 | 280 |2 148 |2,312 (2 312 25 16 16| 238 341 408
32.] 550 87 | 854 11,098 | 831 28 60 4] U5 210 205
32 8 83| 839 | 849 | 897 1 1] 2] 357 | 359 544
2| 67| 57| 5581 442 | 611 [ 7 2] 217| 23| 433
1| 233 20| 341 302 212 9 21 21| 341 | 413 413
124 53| 23| 425 302 38 47 17| 132 180 180
14| 171 | 109| 521 | 496 | 572 47 76 22 2 90 93

148 States. Nevada is excluded, and the District of Columbia is counted as a State in these reports.
344 States and New York City.
3 46 States.,, Mississippi and are excluded.

DISEASES BELOW MEDIAN PREVALENCE

Poliomyelitis.—The incidence of poliomyelitis (244 cases) was the
lowest recorded for this period in the 10 years for which these data are
available. As the summer rise of this disease usually reaches its peak
during the month of September, it is now apparently safe to say that
the year 1938 will be free from an epidemic of this disease. At this
time in 1937 an epidemic that started in the South Central region and
spread into the North Central and North Atlantic areas was in
progress; in 1936 a minor epidemic was confined mostly to the East
South Central area, while in 1935 Atlantic Seaboard States ex-
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perienced a8 more serious epidemic. . In 1932, the only nonepidemic
year since 1929, there were 984 cases reported for the period cor-
responding to the current one.

Meningococcus meningitis.—The number of cases of meningococcus
meningitis was also the lowest in the 10 years for which these data are
available. For the current period, 113 cases were reported, as com-
pared with 212, 237, and 240 for the corresponding period in 1937,
1936, and 1935, respectively. As the median figure (212) for the
preceding 5 years falls in a year of rather high incidence, a comparison
with the average (148 cases) for the years 1932, 1933, and 1934
greatly emphasizes the current low incidence of this disease.

Typhoid fever.—The incidence of typhoid fever was the lowest
recorded for this period in recent years. The number of cases (1,737)
was less than 80 percent of the number reported for the corresponding
period in 1937, and only about 65 percent of the 1933-37 average
incidence. In each region except the Pacific the number of cases was
definitely below the seasonal expectancy.

Diphtheria.—The number of cases (3,309) of diphtheria was about
20 percent above that for the corresponding period in 1937 and about
50 percent above the 1936 figure, but it was low compared with the
average incidence for the years 1933-37. The North Atlantic,
North Central, and East South Central regions reported a relatively
low incidence, while in the South Atlantic, West South Central,
Mountain, and Pacific areas the incidence was slightly above the
normal expectancy. The largest number of cases was reported from
the South Atlantic, where the incidence during this period was the
highest in 5 years.

Scarlet fever—The number of cases of scarlet fever rose from
approximately 3,300 during the 4 weeks ending September 10 to
6,621 for the 4 weeks ending October 8. The increase was about
normal, however, for this season of the year. The incidence was
about 10 percent below that of last year and 20 percent below the
1933-37 average incidence. The West South Central region reported
more cases than might normally be expected, but in all other regions
the situation was quite favorable.

MORTALITY, ALL CAUSES

The average mortality rate from all causes in large cities for the 4
weeks ending October 8, based on data received from the Bureau of the
Census, was 10.2 per 1,000 inhabitants (annual basis). The rate for
this period in 1937 was 10.4 and the average rate for the five pre-
ceding years was 9.8. While the current rate is slightly below that
for last year, it is apparently a little above normal for this season of

the year.
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DISABLING SICKNESS AMONG MALE INDUSTRIAL EMPLOY.-
EES DURING THE SECOND QUARTER AND THE FIRST

HALF OF 1938!

By WiLLiamM M. GAFAFER, Senior Stalistician and EL1zABETH 8. FRASIER, Junior
Statistician, United States Public Health Service

First half.—All through the first six months of 1938 a favorable
health record was indicated among industrial employees by reports
from 26 industrial sick benefit organizations covering an average of
168,233 male employees. The frequency of sickness causing disability
for more than one week was 28 percent lower in the first half of 1938
(76.8) than in the same half of 1937 (106.1) and 13 percent below the
incidence rate for the corresponding periods of 1933-1937 (88.2).
The frequency of nonindustrial injuries was approximately the same
for the first six months of 1938 and the corresponding months of the
two preceding periods under comparison.

For respiratory diseases as a group, the rate for 1938 (30.7), com-
pared with the rates for 1937 (56.4) and 1933-37 (41.2), shows a
decrease of 46 percent and 25 percent, respectively. The incidence
of new cases of respiratory tuberculosis was slightly greater during
the first half of 1938 than during the corresponding months of 1937
or of 1933-37. All of the other diseases included in the respiratory
group show decreases in frequency during 1938 as compared with 1937.

Nonrespiratory diseases as a whole occurred at slightly lower rates
in the first half of 1938 than in the same halves of 1933-37. The rate
for 1938, however, was 7 percent below that for the first half of 1937.

Second quarter—The favorable frequency rate of sickness among
male industrial employees reported for the first quarter of 1938 con-
tinued through the second quarter of 1938. A comparison of the
rates for the two quarters reveals only tuberculosis of the respiratory
system and diseases of the stomach, except cancer, with higher rates
in 1938; the remaining causes and cause groups showing rates of like
or smaller magnitude. The rates for all sickness (64.8), respiratory
diseases (22.1), and nonrespiratory diseases (42.7) are the lowest
second-quarter rates since 1934 in which year the corresponding
rates were, respectively, 63.2, 20.9, and 42.3

1 From the Division of Industrial Hygiene, National Institute of Health, Washington, D. C. For the
first quarter of 1938, see Pub. Health Rep., 63 1569-1570 (September 2, 1938).
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TABLB l—Frequeucy of disabling cases of sickness and nonindusirial injuries
lasting 8 conseculive calendar days or longer among MALE employees in various
indusiries, ’&y cause; the second quarter of 1938 compared with the second quarter
0 1987“, the ﬁrat half of 1938 compared with the first halves of 1933-37, in-
clusive

Annual number of cases per 1,000 males

Cause. (Numbersin parenthesesare diseaso title numbersfrom | Second quarter .
the International List of the Causes of Death, 1929) ot3 First half of—
1938 1937 1938 1937 | 1933-37
sickness and nonindustrial injuries 3 116.8
ontndustrm injuries (163-198). - 10.7

Sickness 106.
Respiratory diseases.

Influenza and grippe

Bronchitis, acute and chro ic (106,
Diseases of the pharynx and wnsils (1158) .
Pneumonia, all forms (107-109) ____..._...
Tuberctlosis of the respiratory system (23)
Other respiratory diseases (104, 105, 110-11:

Nonrespiratory diseases
Digestive diseases. .
Diseases of the stomach, except cancer (117, 118) _......
Diarrhea and enteritis ( 20) .-
Appendicitis (121)

Hernia (1228

Other digestive diseases (115b, 116, 122b-129) ..._....._.

Nondigestive diseases_
Disemiegz o{ the h)enrt and arteries, and nephritis (90-99,
Other genitourinary 33-138) . oo ccececmanan-
Neuralgia, neuritis, sciatica (!§7 ) JR
Neurasthenia and the like (part of 87b)
Ogl;g diseases of the nervous system (78-85, part of

)
Rheumatism, acute and chronic (56, 57) ..
Diseases of the organs of locomotion, except diseases
of the joints (156b)
Diseases of the skin (151-188) - - oo eeeeeeoeaaaan
Infectious and parasitic diseases (1-10, 12-22, 24-33,

36-44
l-defined snd)unknown [ L) T 15
ullsgﬂi;;)m (45-55, 58-77, 88, 89, 100, 101, 103, 154-156a, 70

Average number of males eovored in therecord. _.oocoeeeae-o. 164, 215 [188, 182,124 | 151, 399
Number of organizations- - 26 26 26 26 |ooeee

-
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1 In 1938 and 1937 the same organizations are included; the rates for the first halves of the years 1933-37,
however, are based on records from the same 26 organizations and some additional reporting organizations.
2 Excluslve of disability from the venereal diseases and a few numerically unimportant causes of disability.
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STUDIES OF SEWAGE PURIFICATION

VIIL Observations on the effect of vﬁaﬂou in the initial numbers of bacteria
and of the dispersion of sludge flocs on the course of oxidation of organic

material by bacteria in pure culture !

By C. T. BurTerriELD, Principal Bacteriologist and ELsiIE WATTIE, Assistant
Bacteriologist, U. S. Public Health Service, Stream Pollution Investigations,
Cincinnatt, Ohio
In earlier studies (1) of the fundamentals of the biochemical oxida-

tion process, conducted with simple reproducible media and with pure

cultures of bacteria, it was stated tentatively, among other conclu-
sions, that:

1. Under natural conditions oxidation does not occur in the absence
of living biological agents.

2. Oxidation takes place only as a result of the metabolic activity
and proliferation of living bacteria, and is proportionate, though
perhaps not directly, to the number of new cells produced.

3. The oxidation occurring during any time interval is proportional
to the amount of food or organic material utilized by the bacteria.

This is the equivalent of saying that in a given set of such oxida-
tions carried on under standardized .conditions, the initial course of
the oxidation observed will be governed by the number of effective
units of living bacterial protoplasm present at the start of each series

of observations.

Under standardized conditions (i. e., with a mmple reproducible
medium, a constant temperature, an adequate supply of oxygen,
and a pure culture of bacteria) a definite, fixed amount of oxygen
is required to oxidize the food material available to the bacterial
species employed. Assuming a uniform generation time for the bac-
teria employed under the standardized conditions, it is reasonable to
believe that the time required for this species of bacteria to oxidize all

t Prepared for presentation before the joint meeting of the New England and New York Sewage Works
Association at Hartford, Conn., Oct. 7, 1938.

The following are the preceding papers of the series:

I. Apparatus for the determination of dissolved oxygen in sludge-sewage mixtures. By Emery J. Theri.
ault and Paul D. McNamee. Pub. Health Rep., 50: 480 (1935). Reprint No 1680. (Originally printed
in Sewage Works J., 6: 413 (1934).)

II. A zooglea-forming bacterium isolated from activated sludge. By C. T. Butterfield. Pub. Health
Rep., 50: 671 (1935). Reprint No. 1686.

III. The clarification of sewage—A review. By Emery J. Theriault. Pub. Health Rep., 50: 1581 (1935).
Reprint No. 1715. (Sewage Works J., 7: 377 (1935).)

IV. The use of chlorine for the correction of sludge bulking in the activated sludge process. By R. S.
Smith and W. C. Purdy. Pub. Health Rep., 51: 617 (1036) Reprint No. 1746. (Sewage Works J., 8:
223 (1936).)

V. Oxidation of sewage by activated sludge. By P D. McNamee. Pub. Health Rep., 51: 1034 (1936).
Reprint No. 1774. (Sewage Works J., 8: 562 (1936).)

VI. Biochemical oxidation by sludges developed by pure cultures of bacteria isolated from activated
sludge By C. T. Butterfield, C. C. Ruchhoft, and P D. McNamee. Pub. Health Rep., 52: 387 (1937).
Reprint No. 1812. (Sewage Works J., 9: 173 (1837).)

VII. Biochemical oxidation by activated sludge. By C. C. Ruchhoft, P D. NcNamee, and C. T.
Butterfield. Pub Health Rep., 53: 1690 (1938); Sewage Works J., 10: 661 (1938).
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of the available food present (or to use up this fixed quantity of oxygen
required) would vary with the number of individual units of bacteria
present at the start of the test. That is, with large numbers of bac-
teria initially present the oxidation process should proceed much more
rapidly than with a limited initial number, although the ultimate total
oxygen requirement would be presumably the same in both instances.

Under such conditions, if the time intervals between determina-
tions were too long, the results obtained would reveal the approach to
the total oxygen requirement but would not reveal in any sense the
course of oxidation followed in arriving at the observed point. Obser-
vations essential for the determination of the course of oxidation dur-
ing this critical phase of the reaction would be missed and, moreover,
due to the usual method of presenting results in the form of a cumu-
lative curve, rather than by differences, any irregularities at the begin-
ning of the curve would be concealed. Consequently any opportunity
to observe the effect of an increased initial number of bacteria, should
the condition exist, would be lost.

In the studies referred to (1) the time interval between determina-
tions was 24 hours and the time required for the satisfaction of the
total oxygen requirement varied from 24 to 72 hours. Consequently
no conclusions can be drawn regarding the course of oxidation during
the first 24-hour period. Experiments have been conducted with the
initial concentrations of bacteria intentionally varied within wide
limits by two different methods and with the time intervals between
examinations so shortened that frequent determinations were made
during the critical stage of the reaction. The procedure followed in
setting up and conducting these experiments and the results obtained
-will be presented.

1. EFFECTS OF INITIAL BACTERIAL POPULATIONS ON GROWTH RATES
AND RESULTANT OXIDATIONS

(A) Initial population varied by multiple increases in the volume of
the inoculum:

Preparation.—Five 8-liter pyrex serum bottles, designated A, B, C,
D, and E, each contammg 0.09 g dextrose, 0.09 g peptone and 0.09 g
dipotassium phosphate in 6 liters of formula “C” dilution water (2)
were sterilized by autoclaving. = After sterilization any loss in weight
incurred was restored by the addition of sterile distilled water. Addi-
tional materials, such as B. O. D. bottles, pipettes, graduates, siphons,
and the like, required for the set-up, appropriately protected from sub-
sequent contamination by cotton filters, paper caps, etc., were steril-
ized in the same manner. All bottles were stored at 20° C to check
their sterility and to standardize their temperature. The culture of
Bact. aerogenes, laboratory strain No. 72, to be used in the test was
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rejuvenated through a series of transfers and put on an agar slope
for 40 hours’ incubation at 20° C. prior to the start of the test.
Procedure.—The growth from the agar slope of Bact. aerogenes was
washed off and placed in 100 ml of sterile dilution water. Ten ml of
this bacterial suspension were put in bottle A and incubation at 20° C.
was continued.. (This 10 ml seeding produced in the 6 liters of bottle A
a bacterial content of about 100,000 per ml.) After 40 hours storage
at 20° C. (at the end of this period the growth of Bact. aerogenes was
approaching its maximum), bottle A was removed from the incubator
and after thorough mixing of its contents 4 liters were transferred by
sterile siphon to a clean, sterile pyrex flask, marked “AX.” The tem-
perature of the flask AX (and contents) was raised to boiling and then
held at 80° C. or higher for 20 minutes. It was then cooled to
18-20° C., and thoroughly agitated. This treatment was sufficient to
kill all Bact. aerogenes and to destroy any known enzyme. After
thorough mixing, additions to bottles B, C, D, and E from the contents
of the original bottle A and flask AX, were made in order as follows:

Bottle e B C D E
Ml from A oo 1 10 100 1,000
Mlfrom AX oo 999 990 900 0

This procedure provided conditions for the organic contents of the
four bottles, B, C, D, and E, to be identical with the possible exception
of a minor variation due to the partial loss of some of the volatile con-
stituents from the portions of heated material added. Provision was
also made for decimal increases between each bottle in' the content of
living units of bacterial protoplasm. That is, if bottle B had 1
bacteria per ml, C would have 10, D 100, and E 1,000 per ml. The
additions from A and AX were made in order, and as soon as the
increments to one bottle had been completed its contents were thor-
oughly mixed, aerated, and transferred through a sterile siphon to
sterile B. O. D. bottles (300 ml ground glass stoppered, biochemical
oxygen demand bottles). This was continued until the contents of all
large bottles had been transferred to B. O. D. bottles. As each set
was completed the time was noted and two bottles were examined for
their bacterial and dissolved oxygen contents. The remainder of the
bottles were stored at 20° C. Thereafter at frequent intervals, as
indicated in the tables of results, bottles were removed from the
incubator and examined.

Dissolved oxygen determinations were made by the standard
‘Winkler method (3). Prior to the addition of the Winkler reagents
the contents of the B. O. D. bottle or bottles to be tested were carefully
but thoroughly mixed, without aeration, and 1 ml was withdrawn for
bacteriological examination. Bacterial counts were made by plating
on standard agar. To increase accuracy, dilutions were adjusted so
that it was not necessary to measure volumes of less than 1 ml, and a
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sufficient number of plates at each dilution were poured to provide for
three plates at the dilution selected for counting. The counts from
these three plates were averaged for the reported result. The dilutions
required to obtain plates with the number of colonies at the. counting
level could be judged very closely from the amount of oxygen utilized
in the bottle under test. This amount of oxygen could be determined
quickly and experience with this type of reaction permitted a close
estimate of the probable numbers of bacteria present.

Results.—The observed oxygen requirements are presented in table
1 and are shown graphically in figure 1. The results for series B for
the period from the sixteenth to the twenty-second hour (1 a. m. to 7
a. m. when observations were not made) were calculated from a curve
based on the observed results for the series with the section of the
curve for the fifteenth to the twenty-third hour interpolated in ac-
cordance with the trends indicated for similar periods in series C, D,
and E. All other recorded results represent actual observations.

TaBLE 1.—Ozygen utilized by Bact. aerogenes during growth in pure culture in
dilute medium at 20° C. when the initial bacterial content was varied. Results are

expressed in mg of O, per liter
[Series designation and number of bacteria per m} in each series at the start]

B. 3,200 C. 32,000 D. 320,000 E. 3,200,000
Time Time Time Time
(hours) | MEO2 | (hours) | MEO2 | (hours) | MEO2 | mours) | MEO:
20 | 000 | o5 | oo [ 02| 0o | 02 | 0w
4.5 .00 10 .00 .5 .00 .6 .00
60 | oo | 25 [ oo [ Lo | oo | @
g0 | oo | 4o | oo | Ls | oo [ Lo [ los
10.0 .10 6.0 .00 2.5 .00 L5 .25
20 | ‘m | &0 | ‘ot | Lo | o | Zo [ I3
o | 3 | w0 | 3 [ 60 | B | 25 | &
50 | | wo | 2 [ 7o [ m | 4o [ Le
116.0 190 12.0 .78 8.0 .93 5.0 Lo3
118.0 11.95 13.0 141 9.0 142 6.0 2.3
120.0 12.70 14.0 192 10.0 2.00 7.0 2.71
120 132 | zo | a8 | mo | 24 | 1o | 3%
Bo | 34 | 2o | 4z | 2o | 28 | 120 | 36
zo | 3% 30 | 26 [ M0 [ 37
1.0 2.99 2.0 4.5
-] 20 [ U PO
30 [TEw a0 [Tam | .o | e [0 Ti®m
80 | 545 | 480 | 564 | 480 | 565 | 40 | 61
.| 90 | 63 | 9o | 63 | o | €% | %0 | 645
20 | 6% | 1200 | 668 | 1200 | 68 | 1200 | &5

1 Results for these period% covering the early moarning hours, were estimated from a theoretical curve
based on trends of resultsin C, D, and E and made with the data for series B of the tenth, eleventh twelfth,

fourteenth, fifteenth, and twenty -third, and subsequent hours employed to allocate the curve

In figure 1 two sets of curves have been drawn. In 1A all observed
points are included in determining the shape of the curves. In 1B all
points obtained prior to the twenty-third hour have been omitted in
establishing the trend of the curves. This is done to provide for a
comparison between the results obtained by the usual procedure,
when observations are not made until the end of 24 hours of storage,
and by the procedure followed here. If the curves were based on the
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results for the forty-eighth, ninety-sixth, and one hundred and
twentieth hours, which is done more frequently in routine practice,
then the curves for B, C, D, and E would be practically identical,
while as actually observed measurable oxygen utilization occurred in
E at the end of the first hour, in D at the end of the sixth hour, in C
at about the ninth hour, and in B not until the twelfth hour. How-
ever, at the end of 30 hours from the start of the experiment, when
observed oxidation had been taking place in B, C, D, and E for 18,

T T T T T T T T T T T T

[ QP i
* PN F818 Dake from Tesle | for 279, 308, 482 %t'and |
! 1208 hours arky used to determine trand of
3 curmes drawn, Dote for pevieds between O howrs
S,k ond the 237 hour excluded
S .} o
o 1 1 1 1 (] (] 1 (] ] 1 1 1 US Public Heolth Service
- 20 » <o s0 L4 70 »o 20 o e o s" mﬂ"ﬂ" 5 ’ .&
Time 17 Hours Coacinmoti  OWio

FIGURE 1.—Oxygen utilization by Bact. aerogenes at 20° C. with varying numbers of bacteria present at
the start, when frequent determinations are made during the first 24 hours and when no determinations
are made until the 23d hour.

21, 24, and 29 hours, respectively, the amounts of oxygen utilized in

B, C, and D represented 86, 92, and 93 percent respectively of the

amount utilized in E, while at the ninety-sixth and one hundred and

twentieth hours the results for all bottles are well within the limit of

error of such determinations, being namely 98, 99, and 101, and 99,

101, and 103 percent respectively, for these periods, of the amount of

oxygen used in E.

Thus, from the results of these tests, if the 5-day biochemical
oxygen demand were the only point of interest in the determination
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it would be immaterial whether the initial bacterial content was
3,000 or 3,000,000 per ml; the final result would be the same. How-
ever, if the amount of oxidation occurring during the first few hours of
the test were desired, the initial density of the bacterial population
would be of major importance, for in E, with the highest numbers of
bacteria, at the end of 6 hours 41 percent of the 5-day oxygen require-
ment had been satisfied, in D, at the same period, with one-tenth as
many bacteria at the start, oxidation had just started (2} percent of
the 5-day requirement), while in C and B a measurable loss of oxygen
was not observed until from 3 to 6 hours later.

A more detailed presentation of the influence of the initial bacterial
concentration on the course of oxidation during the early hours of
storage (first 24 hours) is made in table 2 and figure 2. The data of
table 2 were obtained by calculation from the results given in table 1,
by deducting the amount of oxygen utilized at each period of observa-
tion from the amount of each following observation and expressing this
difference in terms of hourly rates of oxidation for the interval involved.
To illustrate, in series E the difference between the oxygen require-
ments for the 2.5 and 2.0 hour periods was 0.09 mg of oxygen per liter
(0.45—0.36=0.09), and as the interval covered was 0.5 of an hour, the
indicated hourly rate was 0.18 mg of oxygen per liter (2X0.09=0.18).
Or in the same series the difference between the 4.0 hour and 2.5 hour
requirement was 1.04 (1.49—0.45=1.04) mg of oxygen per liter and
as the period covered was 1.5 hours the hourly rate for this interval
was 0.69 (1.04-+1.5=0.69).

TaBLE 2.—Hourly rates of oxygen utilization by Bact. aerogenes growing in pure

culture in dilute medium at 20° C. when the initial bacterial content was varied.
Results expressed in mg of O, per liter

[Series designation and number of bacteria per ml in each series at the start]

B. 3,200 C. 32,000 D. 320,000 E. 3,200,000
Time! Time ! ; Time! Time!
_ (hours) Qa used ! (hours) O3 used 1 (bours) O3 used ! (hours) O3 used !
20 0.00 0.5 0.00 0.25 0.00 0.25 0.00
45 .00 1.0 .00 0.5 .00 .5 .00
6.0 .00 2.5 .00 10 .00 .75 .12
8.0 .00 4.0 .00 L6 .00 L0 .20
‘10.0 .05 6.0 .00 25 .00 15 .3
120 .01 8.0 .01 4.0 .00 2.0 .22
4.0 .12 10.0 .16 6.0 .09 2.5 .18
15.0 .15 11.0 .18 7.0 .36 4.0 .69
216.0 241 12.0 .26 80 .39 5.0 .44
218.0 3 52 13.0 .63 9.0 .49 6.0 .41
320.0 1,38 14.0 .51 10.0 .58 - 7.0 .37
222.0. 128 2.0 .22 11.0 14 10.0 .28
23.0 .19 27.0 .08 120 .29 12.0 .08
27.0 13 13.0 .25 14.0 .04
14.0 .31 23.0 .09
: . R 2.0 12
30.0 .00 30.0 A1 30.0 .07 30.0 .06
48.0 .07 480 .06 4.0 .08 48.0 .08—
96.0 .02 96.0 .01 6.0 .02 98.0 .0043
1200 .01 120.0 -.01 120.0 .01 120.0 - .00+5
1 Resnits are expressed in terms of mg of O3 per liter used per hour during the time period covered. The
time period covered in each instanc'eng the interval between the hour given for result recorded and the
hour of the examination. -
2 Results for these periods based on estimated results; see footnote to table 1.
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Consideration of the data given in table 2 and illustrated in figure
2 discloses some interesting facts which are not readily discernible from
table 1 and figure 1, where cumulative results rather than differences
are considered. It is noted that, regardless of the number of bacteria
present at the start of the test, the hourly rate of oxidation increased
to a well-defined maximum and thereafter decreased rapidly until
by the thirtieth hour a low rate prevailed in all four of the series.
Thereafter this low rate continued to decrease very gradually to the
end of the series of observations. However, when the time at which
the maximum rate occurred is considered, it is observed that the
numbers of bacteria present at the start exerted a very marked effect.
For instance, in series E (initial bacterial content 3,200,000 per ml) the
maximum rate was observed at or possibly just prior to the fourth
hour; in series D, C, and B (with initial bacterial contents of 320,000
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FIGURE 2.—Hourly rates cf oxygen utilizaticn by Bact. eerogenes at 20° C. when the numbers of bacteria
present at the start were varied.

32,000 and 3,200 per ml, respectively) the maximum hourly rates were
observed, respectively, at the tenth, the thirteenth (or possibly between
the thirteenth and fourteenth), and the cighteenth hours of storage.
Thus it is shown that, although the initial bacterial concentration
had no effect on the final oxidation results obtained, it did have a
very marked effect on the time of occurrence of the maximum rate
of oxidation and, consequently, on the amount of oxygen required
during the early hours of a test.

The results of the bacteriological examinations are presented in
table 3 and figure 3. While it would be interesting to correlate oxygen
requirements for given intervals of time with the number of bacteria
present, or rather with the number of new cells produced during the
same interval, this attempt cannot be made effectively with the
available methods of bacterial enumeration. For in bacterial growth
and multiplication the cell absorbs food material and, as it grows,
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oxidizes part of this food and synthesizes part into increased cellular
material. When the increase in cell volume is sufficient to activate
cell division, a constriction appears about the middle of the cell and
continues to increase until division is complete. Then two cells are
present where there was only one before. Up until the time when
this cell division is completed (regardless of the absorption or oxida-
tion caused by cell growth) plate counts would indicate the presence
of only one cell. Consequently the increase in bacterial numbers as
indicated by plate counts would continuously lag behind the time of
actual food utilization.

Thus in series D for the period from the eighth to the tenth hour,
the indicated number of new cells per ml required to utilize 1.0 mg of
oxygen per liter was 2,600,000, while for the succeeding 2-hour period
6,400,000 cells per ml apparently were required for the same utilization.

It is interesting to observe that for series C, during the period from
the twelfth to the fourteenth hour, and series E, for the period of the
second to the fourth hour (periods of activity similar to the eighth to
the tenth hour in D), the indicated number of new cells required per
ml to produce an oxygen requirement of 1.0 mg per liter was 2,350,000
and 2,500,000, respectively. This is in remarkable agreement Wlth
the indicated number of bacteria required in series D.

Certain trends indicated by the bacterial results also may be noted.
First, a lag period was observed in all four series; in series B and C
it prevailed for about 4 hours, while in D and E its duration was
only 2 hours; thereafter active multiplication occurred in all series.

As the oxygen requirement per bacterial cell is exceedingly small
(100,000 to 500,000 cells per ml are required to produce a measurable
oxygen requirement of 0.1 mg per liter), it was to be expected that
oxygen losses would be observed first in the series containing the
largest numbers of bacteria at the start, and last in the series con-
taining the fewest at the start. As a matter of fact the bacteria in
B did not reach the number present at the start in C until about the
eighth hour; those in C did not match the initial concentration in D
until about the ninth hour; while the numbers in E at the start were
equalled by those in D at about the eighth hour. Stated in another
way, the bacteria in E had increased from 3,000,000 per ml to about
13,000,000 per ml in 10 hours, a four-fold increase at a level that
required 3.5 mg of oxygen per liter, while in B during the same 10-
hour interval, although a thirty-three-fold increase had occurred
(3,000 to 100,000 bacteria per ml), the bacterial population had only
just reached a concentration where measurable reductions, 0.1 mg of
oxygen per liter, might be expected. However, after 23 to 30 hours
of incubation and thereafter, the bacterial populations in all four
series were practically identical. Thus it is noted again that if the
3-, or the 5-day bacterial populations were the only points of interest



it would be immaterial whether the initial bacterial population was
3,000 or 3,000,000 per ml; the result would be the same. But if the
population concentration during the first few hours, or the oxygen
requirements for the same period, were the desired factors, then the
initial population would be of major importance.

(B) Initial population acting on substrate varied by the introduction
of food increments.—Experiments in which measured increments of
food (organic material) were introduced after the resulting successive
increases in bacterial numbers had occurred will now be considered.
In general the same preparation and methods were followed in this
series of experiments as described above. Certain deviations made in
this series from the described routine are as follows: The bacterial food
employed was composed of exactly the same constituents but their
concentrations were reduced so that each liter of standard medium
contained 0.01 gram dextrose, 0.01 gram peptone, and 0.01 gram
phosphates. This reduction in concentration from 0.015 gram to 0.01
gram per liter was made because the cumulative effects of successive
increments of food would increase the residual requirement for oxygen
with consequent dangers of depletion. For these experiments the
food was prepared in sterile concentrated solution of such a strength
that 2 ml added to 1 liter of dilution water made up a standard medium
of the given concentration. The food was prepared in this form to
provide conditions for successive additions of exactly duplicate por-
tions of food without any material alteration in the volume of the
medium.

The Bact. aerogenes culture used for this series of experiments was
laboratory strain No. 2. This strain has been in use in the laboratory
for over 15 years and while it has retained all of its original biochemical
characteristics it has changed apparently from an “S” to an “R” type.
As an “R” type it exhibits a decided tendency to form small loose
flocs or elumps which settle out (effect of removing part of bacterial
population). This phenomenon was not exhibited by this strain
originally, nor by laboratory culture No. 72 used in the preceding
experiments. This tendency to floc places this organism, as far as
clumping is concerned, in an intermediate position between laboratory
strain No. 72 and zoogleal bacteria which form rather large and tena-
cious flocs. It was for this reason that culture No 2 was used in
this series of tests.

Procedure—In this series five pyrex carboys, designated A, B, C,
D, and E, containing identical kinds and amounts of dilution water,
were prepared and sterilized by autoclaving. Subsequent to steriliza-
tion each carboy was placed at 20° C. for storage, sterility tests, and
adjustment of temperature. The contents of each carboy were
adjusted by weight, if made necessary by evaporation losses, to their
original quantity by the addition of sterile distilled water. To each
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carboy were then added 2.0 ml of the concentrated medium per liter
and also exactly the same amount of the same suspension of Bact,
aerogenes. After thorough mixing and aeration, the contents of
carboy A.were immediately transferred by sterile siphon to sterile
B. O. D. bottles. These bottles, together with carboys B, C, D, and
E, were stored at 20° C. Frequent examinations for bacterial num-
bers, dissolved oxygen content, and for hydrogen ion concentration,
were made on the contents of the bottles of series A.

At the 23-hour storage period carboys B, C, D, and E were refed
with the concentrated medium at the rate of 2.0 ml per liter. After
thorough mixing and aerating the contents of carboy B were trans-
ferred to sterile B. O. D. bottles. Storage at 20° C. was continued
throughout. Frequent examinations, as with the A bottles, were
made of the B bottles and the examinations of bottles from the A
series were continued. (Thus the changes occurring in the A bottles
after the twenty-third hour could be used as a control, or correction,
for the changes observed in the B bottles so that the results from each
series of bottles could be attributed to the effect of the presence of
one increment of concentrated medium (. e., concentrated medium
2 ml per liter).)

At the end of a further 23 hours of storage, namely 46 hours from
the start of the test, carboys C, D, and E were fed again with con-
centrated medium at the rate of 2.0 ml per liter, the contents were
thoroughly mixed and aerated, sterile B. O. D. bottles were filled
from the contents of carboy C, and storage and examinations were
continued.

After 4 more hours of storage (4 hours from the time the contents
of carboy C had been put in B. O. D. bottles, i. e., 50 hours from the
start of the test), carboys D and E were fed again at the same rate
with the concentrated medium and sterile B. O. D. bottles were
filled from the contents of carboy D after thorough mixing. After
a further storage period of 21 hours (21 hours from the -time the D
bottles were filled and 71 hours from the start of the test) carboy E
was given its final feeding at the same rate with the concentrated
medium and its contents were transferred to sterile B. O. D. bottles.
Storage and examinations were continued throughout as stated above.
In addition 10 or more colonies were picked from the plates made for
bacterial counts of the initial and final bottles of each series, and
identified to check on the possible presence of any contamination.

Results—No evidence was obtained at any time mdmatmg that
the bottles had become contaminated with other species of bacteria.
The hydrogen ion concentration of the diluted medium remained at
pH 7.1 throughout the period of examination. These data have
been omitted from the tabulations. .
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The ‘'oxygen: requirements for each series of this experiment are
recorded in table 4 as observed, without correctlon in terms of milli-
grams of oxygen used per liter of medium.

TaBLE 4.—Ozygen utilization by Bact. aerogenes growing in dilute medium in
pure culture recorded as observed for series A, B, C, D, and E when refed with
same amount of food at the 23d, 46th, 50th, and 71st hour of storage at 20° C.

[These data are presenwd aga‘n in table 5, corrected for residual oxygen requirement of preceding food
addrions. 'Results are expressed in mg Oj per liter]

Series A Series B Series C Series D Series E
ime | oo, | Time! | ape o, | Time: Time ! Time!

(hours) | M8 01| (nours) | M& 01| (hours) | M& Ot | (hours) | MO | (hours) | ME O
06 | 000 | o5 | 05| 025 |04 | 08| 0m | omn|om
10| 05| 10| 8| 5 [ .9 | @ 25 | 0.8
18| 8| 1s|re| m|1w| | 1m 5 | 188
2.0 .01 2.0 1.80 L0 1.39 .75 1.8 .75 2.05
2.8 .03 2.5 2.25 L5 1.97 1.0 2.3 1.0 2.4
3.0 .07 3.0 2.68 2.0 2.45 L5 2.89 L5 3.08
a5 | ‘o7 | 35| 29| 25 |28 [ 20 |3m | 20 |34
¥6 | ‘o7 | 45| 33| 30 |309| 25 [3e | 25 | 365
50| ‘18| 50|34 | 35 |32 | 30 |38 | 30 |3
5.5 .21 6.0 3.81 4.0 3.41 3.5 4.03 3.5 4.2
6.0 .4 7.0 4.14 5.0 3.7 4.0 4.36 4.5 4.79
65| 26| 20 519 | 60 |4n | so | 468 | 55 | 513
70| ‘3| 260 |52 | 70 | 43 | 200 [ 88+ | 70 | 582
9.0 1.06 3L0 5.47 9.0 4.88 25.0 7.794+
00 | Lo [ 0 | 574 | 0 | 563

o | 219 500 | 617
12.0 2.84 B FEPRIPON FPRNSUR EPIRRIPRIIE SRR, (R ——
TR - I M M :
13.5_ | 3.43
B.07| 439
00 | 474
80 | 482
54.0 | 48
71.0 5.16
9%.0 | 501
1200 | 514

1 Hours from time of each addition of food. Data in subsequent tables for series A are set back 4.5 hours
toauowformitiallaglngro wth.

To express ‘the results on a comparable basis (i. e., in terms of the
oxygen utilized for one increment of food in each senes) it was neces-
sary to correct the results of series B, C, D, and E for the residual
oxygen requirement in each at the time the new increment of food
had been added. Thus the B results were corrected by the amount
of oxygen used in the A series during the period of examinations of
B; the results from the C bottles were corrected by the amount of
oxygen used in the B bottles during the interval that C bottles were
being examined, and so on. In the case of the results from the series
E bottles, this correction could not be made as-the D bottles became
depleted of oxygen at the time the examination of series E bottles
was started. Consequently, the results for the E series are undoubt-
edly too high, the error probably ranging from at least 0.04 mg for
the first 0.5-hour period to at least as much as 0.5 to 0.6 mg at the 7-
to the 24-hour periods. The amount of these corrections for the inter-
mediate intervals was determined by carefully plotting the results,

94360°—38—2
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for each two series concerned in each cdse, in large scale and selecting
these corrections from the propér points on these curves. These
corrected results are given in table 5 aiid are shown graphically in

fgure 4. g

TaBLE 5. gen ulilization results of table 4 corrected in the case of series B, C,
and D for the residual oxygen requirement remaining from preceding food incre-

ments
[Results are expressed in mg Oj per liter and are plotted in figure 4]

Series A 1 Series B Series C Series D Series E 3
Time Time 3 Time 3 Time 3 Time 3
(hours) | M8 91| (hours)| ME 02| (nours) | M€ O2 | (nours) | M8 O3 { (hours) | M8 Os

0.5 0.13 0.5 0.51 0.25 0.41 0.08 0.24 0.12 0.33

1.0 .21 1.0 .92 N .74 .25 .88 .25 .96

1.5 .24 1.5 1.36 .75 104 | .50 1.18 .5 1.56

20 .26 2.0 1.68 1.0 1.32 .75 1.55 .76 2.05

25 .38 2.5 2.10 1.5 1.89 1.0 1.96 10 24

4.5 1.08 3.0 2.50 2.0 2.38 15 2.35 1.5 3.08

5.8 1.50 3.5 2.74 2.5 2.70 20 2.68 20 3.4

6.5 219 4.5 3.09 3.0 2.97 25 27 2.5 3.65

7.5 2.84 5.0 32| 85 3.13 3.0 2.89 3.0 3.97

86 325 6.0 3.50 4.0 3.25 3.5 2.93 3.5 422

9.0 343 7.0 3.78 5.0 3.60 4.0 313 4.5 4.7

18.5 4.39 2.0 4.76 6.0 3.89 5.0 3.22 5.6 5.13

25.5 4.74 26.0 4.7 7.0 411 21.0 4.08 7.0 5.82

41.5 4.82 3L.0 4.89 9.0 4.56 25.0 7.79+

49.5 4.98 48.0 4.98 25.0 5.08

66.5 5.16 50.0 5.52

91.5 5.01 '

115.6 5.14

1 Data of series A set back 4.5 hours to allow for lag. :
2 In the case of E, corrections could not be &gglied as bottles for series D were dgglewd and data for the
demand due to residual food could not be obtained. Consequently the results for E are undoubtedly too

high.
3 See footnote to table 4.

Hourly rates of oxygen utilization for series A, B, C, D, and E have
been calculated from the results given in table 5. These calculated
figures were obtained, as in the first experiment, by deducting the
amount of oxygen utilized at each period of observation from the
amount of each following observation and then expressing the differ-
ence in hourly amounts of oxidation for the time period ended by
the last of the two observations under consideration. Essentially
this consists in reporting the results in the form of the amount of
oxygen used during each interval rather than in the form of accumu-
lated amounts of oxygen utilized since the start of the test. This
method of presentation permits a ready determination of the rates
of oxidation from hour to hour when subjected to the varying condi-
tions provided in this experiment. These hourly rate results are
presented in table 6 and in figure 5.

An unavoidable error involved in this method of studying the
effects of increased bacterial populations on resultant oxidations is
noted in the total amounts of oxygen used in series B, C, D, and E.
The rate of oxygen utilization apparently increases very rapidly with
any increase in the number and activity of the bacterial cells present.
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Thus the rate was much more rapid in B than it was in A, more rapid
in C than in B, and so on. . For instance, in filling the bottles of series
D, the first bottle filled from the carboy was examined to determine
its dissolved oxygen content. It contained 8.08 parts per million of

r—Tr—T 1T T 1 1 I T T T T T T T T X g
L 3_ 3
g T
R 2 4% g
g
i g
- - ;i g
L3
A o 8 | 2
S E
L - §
5 IR ]
L r 8
5.
o k z‘é
- 3 EE
- N
ga
5 8 | Es
33
N e 28
X g
- s g
g &
= -8 S o«
(4]
L. _;i 3'§
o < -gv
I ™ st
k=]
- -3 °8-
23
L N gg
- -a 8
_ gg
o 4% 3-
48 Q
2
= Je ,§
R v g
e g
3
o v ol
[l 1 1 1 ) 1 1 1 ! 1 1 ) ! L 1 1 1 -
7 T 1 % ¢ ¥ 1 8§ 8§ § ¥ 3 % & ¥ 5% =
w1y wd vby - pazyin vobAro B
=

dissolved oxygen. The last bottle filled from this carboy (5 minutes
were required to fill all of the bottles) when titrated showed a dis-
solved oxygen content of 7.80 p. p. m. Thus there is a very definite
indication that at least 0.28 p. p. m. (8.08—7.80=0.28) of oxygen
was used during this 5-minute interval. Similarly, in series E the



October 28, 1938 1926

first bottle filled contained 7.79 p..p..m., while. the last one showed
746 p. p. m., a.nmdlcatedlossof033ppm. Inthlsmtance’z
minutes were required to fill all the bottles. : :

TaBLE 6.—Hourly rate of oxygen utilization by Bact. aerogenes growing in dilute
medium when refed at various intervals

[Results, calculated from corrected data presented in table 5, are ex in mg Oj per liter bour.
These data are plotted in figure 5| per hour
Series B Series C Series D Series E 3
Series A 1 Refed at 23d Refed .t 46th Refed at 50th Refed at 71st
hour hour hour bour
Time Time 3 Time 3 Time3 Time 3
(hours) | ME 02 (hours)| M& O3 | wours) | ME 01| (nours) | ME O2 (nours)| ME& Os
0.5 0.12 0.5 1.02 0.25 1.64 0.084- | 2.88 0.12 2.83
L0 .16 1.0 .82 ) 1.32 .25 3.20 .25 2.52
1.6 .06 1.5 .88 .75 1.20 .50 1.2 .5 2.40
2.0 .04 2.0 .64 1.0 1.12 .75 148 .75 1.96
2.5 .24 2.5 .84 1.5 1.14 1.0 1.64 1.0 156
4.5 .34 3.0 .80 2.0 .94 1.5 .78 L5 1.28
8.5 .44 3.5 .48 2.5 .68 2.0 .62 2.0 .66
6.5 .69 4.5 .35 3.0 .54 2.5 .26 2.5 .48
7.5 .65 5.0 .26 3.5 .32 3.0 .2 3.0 .64
85 .41 6.0 .28 40 .24 3.5 .08 3.5 .50
9.0 .36 7.0 .28 5.0 .35 4.0 .40 4.5 .57
18.5 .10 23.0 .06 6.0 .29 5.0 .09 8.5 .34
25.5 .05 26.0 .00 | 7.0 .22 21.0 .05 7.0 .46
................ 3L0 .02 9.0 .22 25.0 .11
'25.0 .03

1 Data of series A set back 4.5 hours to allow for initial lag.
8 Data of series E are not corrected for residual B. O. D.
3 Hours from time of each addition of food.

When the concentrated medium was added to each carboy, just
prior to putting up each series as in B, C, D, and E, at least 5 minutes
were employed each time in getting this thoroughly mixed with the
contents of each carboy prior to distribution in B. O. D. bottles.
Thus, with the evidence presented in mind, it is reasonable to pre-
sume that considerable oxygen, probably at least 0.3 p. p. m., was
used for the oxidation of the added food during this 5-minute mterval
of mixing. While this does indicate a failure to measure the total
oxygen requirement it does not invalidate observations on the rate
of oxidation and rather serves to emphasize the rapid rate of oxygen
utilization under these conditions.

The bactenologxcal counts obtained from this expenment are pre-
sented in table 7 and in figure 6. These results have not been reduced
to a comparable basis dependent on a single food increment for reasons
which will be discussed. The procedure employed for obtaining the
bacteriological data (plating on agar with three duplicate plates at
each dilution) was not sufficiently accurate to yield satisfactory results
for such a comparison. That is, it is known that the production of
1,000,000 bacterial cells may induce an oxygen requirement ‘of about
1.0 mg. It is also known that the probable error of the bacterial
counting method employed is, on the average, at least 10 percent for
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a single determination. . Consequently when the number of bacteria
present is in the range of 10,000,000 or more per ml, which was the
case in series B, C, D, and E, an increase in the number of bacteria
sufficient to create an oxygen requirement of at least 1.0 mg per liter
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FIGURE 5.—Hourly rates of oxygen utilization by Bact. aerogenes at 26° C. when refed at various intervals. Results have been corrected
in each case for residual Os requirements of preceding food increments

might be concealed entirely by the probable error of the bacterial
determination. This situation renders it difficult to make any defi-
nite comparisons between the numbers of bacteria present and the
amount of oxidation produced. (Greater accuracy could be achieved
by making 25 or more plates at each dilution but the limited personnel
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available for this work does not permit such extensive. plating and
counting with the frequency of sampling required for this. study )

TaBLE 7.—Numbers of Bact. aerogenes developma in  dilute medwm when
periodically enriched with fresh food

Series A Series B Series C Series D - Series E
Hours| S0 | Bacteria Bacteria Bacteri Bacteri Bacter
as i 1 8 1 8 3 ia
m per ml Hours per ml Hours per ml Hours per ml Hours per ml
for lag!
0.0 505, 000 0.0| 19,400,000, 0.0 | 20,200,000, 0.0 | 24,700,000, 0.0 (40,000, 000
.5 5§30, 000 . 5| 16, 400, 000 . 25] 22,000, 000 | .12 000.
1.0 590, 000 1.0 23, 200, 000 .5 | 18, 600, 000 .25| 21, 000, 000 . 25(41, 700, 000
1.5 565, 000 1.5| 21,000, 000 . 75| 22,000,000 .5 | 22,700,000 .5 {27, 400, 000
2.0 500, 000 2.0| 21,600,000] 1.0 | 19, 500, 000 . 75| 28, 700, 000 . 75(35, 400, 000
2.5 550, 000 2.5| 22,800,000] 1.5 | 23,400,000 1.0 | 26,000,000] 1.0 |39, 700,000
3.0 615, 000 3.0| 23,100,000 2.0 | 30,100,000{ 1.5 | 29,700,000, 1.5 {32,700, 000
3.5 640, 000 3.5( 23,000,000 2.5 | 27,500,000] 2.0 | 27,300,060 2.0 (41,700,000
4.5 0.0 610,000 4.5 24,000,000 3.0 | 24,900,000, 2.5 | 29,000,000, 2.5 [43,400,000
5.0 .5| 540,000 5.0{ 24,600,000 3.5 | .__._..... 3.0 | 48,700,000, 3.0 |37, 300,000
5.5 1.0| 480,000 6.0 24,200,000, 4.0 | 27,900,000 3.5 | 37,000,000] 3.5 |....__.___
6.0 1.5 865000 7.0 27,200,000] 5.0 | 28,000,000/ 4.0 | 48,000,000, 4.5 58,000,000
6.5 2.0 845,000 23.0| 33,500,000 6.0 | 30,600,000 5.0 |..... ..... 5.5 |51, 000, 000
7.0 2.5/ 1,100,000  26.0| 29,400,000{ 7.0 | 35,300,000 21.0 | 48,300,000] 7.0 |._________
9.0/ 4.5( 2,580,000 31.0| 37,000,000, 9.0 25.0 |43, 300,000
10.0{ 5.5| 2,980,000 48.0[ 30,000,000 25.0 | 36,000, 000|
1.0| 6.5 4,180,000 50.0 | £8. 400, 000
12.0| 7.5 6,640,000
13, 8.5 s.7so,ooo|
13.5| 9.0
23.0| 18.5| 21,000, 000|
30.0| 25.5| 23, 200,000| -
46.0| 41.5| 22,600, 000{
54.0| 49.5| 26,300, 000{
71.0]  66.5] 24,900, 000|
96.0] 91.5| 29, 1oo.ooo|
120.0| 115.5 |
18ee tables 4and 5.

3 Hours from time of each addition of tood.

However, in spite of the errors involved in this second series of
experiments in the determination of both the total oxygen requirement
and the bacterial counts, the results obtained indicate certain trends.
These trends are significant and considered in connection with the
results of the first series of experiments, which they definitely confirm,
they are of much greater significance.

II. EFFECT OF DISPERSION OF BACTERIAL FLOCS ON THE COURSE OF
OXIDATION

In studies which have been reported (4) (5) it has been suggested
that activated sludge developed by pure cultures of zoogleal bacteria
simulates natural activated sludge to a remarkable degree both in the
production of a firm and tenacious floc and in the purification and oxi-
dation accomplished by the sludge. In bringing about the oxidation
reported, this pure culture sludge was kept continuously dlspersed
throughout the medium by the agitation of aeration. This sludge in
a quiescent state settles quite rapidly. Consideration is now given to
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tests indicating the part that this dispersion of the flocs may play in
the efficiency of the oxidation process.

Preparation.—A pure culture activated sludge (zoogleal culture, Z4,
in standard synthetic sewage) was developed by the fill and draw
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method as described (5) for use in this test. When™ sludge had
developed to the extent of 325 p. p. m. in terms of dry suspended
matter, it was used. Sterile B. O. D. bottles, siphons, and the like
were prepared as in the preceding experiments.
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Procedure.—Standard biochemical oxygen demand determinations
were made by the usual excess oxygen dilution method. As the
observations were to be made over a 5-hour period only, dilute syn-
thetic medium of 10-fold strength was employed. Twelve hundred
ml of the pure culture activated sludge were centrifuged and the
precipitate washed through three changes of dilution water by centri-
fuging down each time. The final precipitate was made up to 150
ml with sterile dilution water and 64 ml of this mixture were added to
6,400 ml of dilute synthetic medium (10-fold). After thorough
mixing the contents were transferred carefully by sterile siphon to
B. O. D. bottles. Gentle mixing was continued throughout the
transfer period to insure a uniform distribution of the sludge. Two
bottles were examined at once to determine their dissolved oxygen
content. One-half of the remaining bottles were allowed to stand
quiescent while the other half were inverted and twirled at 1-minute
intervals until the time of test. While this amount of agitation
probably did not equal the mixing obtained by the aeration method,
it did keep the floc from settling out and maintained a fair degree of
dispersion.

The floc in the quiescent bottles was, of course, thoroughly dis-
persed at the start of the examinations but after 30 minutes practically
all of the floc in these bottles was in a thin layer at the bottom.
However, not all of the bacteria present were held in this settled floc.
As always happens when floc is treated in this manner a large number
of the bacteria become detached from the flocs and are dispersed
throughout the medium as individual cells or as very fine bits of floc.

Examinations for their dissolved oxygen contents were made on
two bottles from each set (quiescent and agitated) at the 0.5, 1.5,
3.0, and 5.0 hour periods of storage. As the contents of the bottles
were identical in each set any difference in the amount of dissolved
oxygen utilized could be attributed to the effect of agitation produced
in one set.

Results—The differences between the amount of dissolved oxygen
present at the start and the amounts present at the end of each
examination interval, i. e., the average amount of oxygen used in each
set for each time interva.l, are recorded in table 8. These results are
also presented in figure 7. The oxygen requirement in the bottles
with the sludge dispersed was approximately twice that observed in
the quiescent bottles, indicating the marked effect of dispersion of the
sludge on the rate of oxidation. With the sludge settled out any
contact between available food and the bacteria in the settled floc
would be dependent on the rate of diffusion of the food particles and
of oxygen to the bottom layers, whereas with a dispersed floc greater
opportunity for bacterial cell, oxygen, and food particle contact would
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TaBLE 8.—Qzygen utilization by pure culture activated sludge when sludge is kept
4 digpcraed roughout and when it is allowed to scttle to bottom of the container

Oxygen used in mg per liter after following hours

Condition of sludge
- ’ 05 L5 3.0 5.0

Dispersed 0.73 2.09 5.19 17.74
Settled .51 114 2.35 3.80

1 This determination was made at the 4.25 hour as results indicated that these bottles might be entirely
depleted of oxygen by the fifth hour.
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FI16URE 7.—Oxygen utilization by activated sludge when sludge is kept distributed throuzhout the medium
and when it is allowed to settle to the bottom of container.
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be provided. It is noted that the difference between the oxygen
requirements for the two sets at the first 0.5 hour period is not nearly
as great as for subsequent periods. This is probably due to the fact
that the sludge was equally well dispersed in both series at the start.
If the bacteria in the sludge flocs had not been slightly dispersed by
the treatment given, the difference between the quiescent and agltated
bottles would probably have been greater.

This experiment, as well as the preceding ones, has been repeated
a number of times so that the trends indicated may be considered

as fairly definitely established.
A DISCUSSION OF RESULTS

It is interesting to note the application of the results of all three
series of experiments to oxidation processes. When the initial bac-
terial population is limited to 500,000, or less, per ml (as is practically
always the case in oxygen requirement determinations made by the
excess oxygen dilution method), the incidence of measurable oxidation
is slow, varying with the number of organisms present, and oxidation
proceeds in an orderly fashion with the maximum hourly rate attained
only after several hours of incubation. This is in keeping with the
orderly progress of bacterial growth, under such conditions, until
bacterial numbers are reached which require increased amounts of
oxygen for their metabolic activity.

When the initial bacterial population is greater (3,000,000 to
10,000,000, or more, per ml), the incidence of measurable oxidation
is very rapid, the maximum hourly rate of oxidation is attained very
early in the life of the sample (from at once to 4 hours), and there-
after the hourly rate of oxidation decreases quite rapidly. This
diminution in rate of oxidation, after the hourly peak rate has been
reached, would be presumed to be caused by the decrease in the
amount of oxidizable food available per bacterial unit (i. e., a situa-
tion is reached soon when this amount of food is no longer sufficient
to stimulate growth and reproduction but is sufficient only to maintain
life). The results presented at this time and those reported earlier
(1) indicate that the amount of oxygen required for bacterial life
processes under such limited nutritional conditions is very small
indeed (less than 0.01 mg of oxygen per million bacteria per day).

With all initial bacterial concentrations tried, regardless of the
time required for the incidence of measurable oxidation, and regard-
less of the time of occurrence of the maximum hourly rate of oxidation,
the total oxygen requirement after a 24-hour or longer period was
approximately the same in all cases with the same concentrations of
food and the same bacterial species acting. It appears logical to
assume that, if these final bacterial populations had been reduced
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below their limiting number, renewed growth with its consequent
increase in oxidation would have ensued as was proven in a previous
report (1). In fact, in biological processes such bacterial reductions
or removals have been shown to be essential for the completion of
both natural and artificial methods of purification.

‘While the bacterial maxima observed in the second series of experi-
ments, using an aerogenes culture which tended to form flocs, were
considerably greater than those obtained in the preceding experiment
using & nonclumping strain of aerogenes, the increased bacterial
numbers secured in this manner did not approach the huge con-
centrations of bacteria present in activated sludge. In pure culture
activated sludge with a suspended solids content of about 1,000
p. p- m. (dry weight) the bacterial content is at least 10,000,000,000 *
per ml. It is suggested, therefore, that this phenomenon of the
initial acceleration of oxidation induced by increased initial numbers
of bacteria is the explanation of the very greatly increased rates of
oxidations reported for activated sludge (6) (6).

Because, in these experiments, when the initial numbers of bacteria
were increased from a few thousands up to 10 millions per ml, the
portion of the total oxygen requirement satisfied during the first
few hours was very greatly increased, it would be reasonable to con-
clude ‘that in an activated sludge with the concentration of bacteria
present at the start of aeration raised to 10 billions or more per ml,
a still larger proportion of the total oxygen requirement would be
satisfied during the first few hours.

From a bacteriological viewpoint such deductions appear logical, for
in the activated sludge method of sewage purification the continuance
of the process, namely sustained growth and oxidation, is dependent
on: (1) a continuous addition of sufficient, available bacterial food
(by an inflow of suitable sewage of appropriate strength), (2) a
continuous reduction of the excess bacterial population (by the
removal of accumulated sludge in excess of required volumes), and
(3) the withdrawal of by-products detrimental to bacterial growth
(by ‘the discharge of effluent).

CONCLUSIONS

The rate of oxidation of bacterial food during the early hours of
incubation is dependent on the number of living units of bacteria pres-

ent at the start; the greater the initial numbers the more extensive the
initial oxidation.

1 This figure is based on an average of a number of determiqations. The drastic methods required to
disperse the cells contained in flocs, to make counting possible, probably kills or at least injures many of
the included cells. Moreover, the flocs are undoubtedly not completely dispersed and the cultural
methods employed may not bave been suitable for the growth and demonstration of all of the effective
organisms present, particularly so in the case of normal activated sludge. Consequently the figure given,
10 billion bacteria per ml, is considered a conservative estimate of the probable number of bacteria present
in such concentrations of sludge.
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The rate of oxidation is also influenced by the degree of dispersion
of bacteria, or bacterial flocs, in the presence of a dispersed food;
adequate dispersion is required to produce extensive oxidation.

A logical explanation, based on this influence of bacterial numbers
and their dispersion on oxidation, is provided for the mechanism of the
very rapid rate of oxidation obtained with pure culture activated
sludges and of the same phenomenon as it occurs in the activated
sludge process of sewage treatment.
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DEATHS DURING WEEK ENDED OCTOBER 8, 1938

[From the Weekly Health Index, issued by the Bureau of the Census, Department of Commerce]

Week ended | Correspond-
Oct. 8, 1938

ing week, 1937
Data from 88 large cities of the United States:
Total deaths. 7,741 17,929
Average for 3 prior years. 17,465 | _.___.
Total deaths, 40 weeks of year. . 324,718 349, 032
Deaths under 1 of age. 521 1465
Average for 3 prior years 1507 |ooeeeeeeo o
Deaths under 1 year of age, first 40 weeks of year 21,119 22,494
Data from industrial insurance companies:
Policies in force. . 68, 290, 970 69, 936, 909
Number of death claims. 11,480 11, 764
Death claims per 1,000 policies in force, annual rate 8.8 8.8
Death claims per 1,000 policies, first 40 weeks of year, annual rate__...__. 9.3 9.9

1 Data for 86 cities.



- PREVALENCE OF DISEASE

No health department, Stale or local, can effectively prevent or control disease without
knowledge of when, where, and under what conditions cases are occurring

UNITED STATES

CURRENT WEEkLY STATE REPORTS

th’l‘gets:&mmar&mummuy and ‘the figares are subject to change when later returns are received by
) of

In these and the following ubles, [y zero (0) indicates a positive report and has the same significance as
any other fizure, while leaders (... resent no report, with the implication that cases or dea

have occurred but were not reported to tge State health officer. pli or deaths may

Cases 0 certatn diseases reported by telegraph by State health officers for the week
ended Oct. 15, 1938, rates per 100,000 population (annual basis), and comparison
with corresponding week of 1937 and 5-year median -

Diphtheria Influenza ' Measles
Division and State | Oct. | Oct. | Oct. [1933-| Oct. | Oct. | Oct. | 1033 | Oct. | Oct. | Oct. | 1933
15, 15, 16, 37 15, 15, 16, 37 15, 15, 16, 37
1938, | 1938, | 1937, | me- | 1938, | 1938, | 1937, | me- | 1938, | 1938, | 1937, | me-
rate | cases | cases dian | rate {cases | cases | dian | rate | cases | cases | dian
NEW ENG.
.............. (] 1 0| 1 6 1 24 4 1 8
New Hampshire_.__ 0 0| 0 1 lgl 2
........... 0| 0, 6| 1 14 1 [:] PO,
e eeian 1 1 1 8 46 39, 20 24
Rhode Island. ... o -0 1 | FR S 2 3
A 1 & Al Ty i as’ 2 2 6
MID. ATL.
New York.......... 7 18, 21 25 16| 18 18 18 68| 141 54
New Jersey. 12, 10| 33] 20 17 8 7 11 9| 62 15
lvania__.....| 35 43 34 66 341 48
2 65| [ 1] PR R 22 28] 7 9 222
44 18] 36| 13 26 26 21 14 18] 4
Dlinois. .. 85| 44 4 6| 1 6 9 13 59 13
Michigan 23_ .- 11 10 33, 18 e feeeees 2 2 39 36, 26 21
Wisconsin_ ... 8| 112] 25| 25 118) 66 21 25
10| ‘ 5 11 11 8 4 1 155 79 2 8
35 17 1 | PR PR FU S, P14 13- 4
42 32 43 57 26, 20 39, 20 15 67, 14
44 6 1 37 5 1 508 81 2
15| 2 0 0 83| 11 1
19 5 3 3 4 1 16 4 4 3
20 7 8 3 1 2 8 3 4 3
See footnotes at end of table.
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Cases of certain diseases reported by telegraph by State
ended Oct. 15, 1938, rates per 100,000 population (ann

1936

health o{iara or the week
ual basis), and comparison

with corresponding week of 1937 and 5-year median—Continued

Diphtheria Influenza Measles
Division and State | Oct. | Oct. | Oct. | 1833- | Oct. | Oct. | Oct. | 1933- | Oct. | Oct. | Oct. | 1033~
15, | 15, | 16, | 37 | 15 & 6, | 37 | 15 | 15 | 168 | 37
1938, | 1038, | 1037, | me- | 1938, [ 1 1037, | me- | 1038, | 1038, | 1937, | me-
rate | cases | cases | dian | rate | cases | cases | dian | rate | cases | cases | dian
of 2 o L. 1
4 7 2110 6§ 78 3 3
of 6 10 |-... | 25| 3 1 1
104 61 204|  106]-._.___|-—-__- | = 1 15
19| 35 e8| 25 9 1 17! O F—— 2 1
5 124 124 1] 1 6 6 el 44 19
24| 24| 3| o684 2100 14| 132 6 6 4
54| a8 32 | u 5 ) O N
100 19 1n 3 1 7 1
D 10L 1y K 7
2 49 671 37| 2 19 1 8
g 4 a B B 13 7 4 3 .4
2] 14 2
32 a8 2 1 2 9 56 nt ....... 1
19 2 2 12 10 3 17 { P— 1
2 24| 1| &7 8 14 2 1 3 1
58| 58| 58 45 53 210 1B 15 18 6
3 4 2 21{ 651l 51 2 16
of 4 5 8 3 254 2 7 2
o 0 1 3 1
18 6 2 29 6 13 1
15 2 37 3 14 1
9 5 z 6 51 4 2 2
o 3 1 i 60 6 48 5
0 b | I | IS S, ) | I 57 18 6] 18
3l o o 4 "8 13 15 25 5 4 7
25| 34 33 8| 10 26 24| 147 173 28 3
L0zz| 311,00 38 7es] e o5 41| 9ss| 1,376 7=
41 WooKS. o omeeeenme 20,20, 33418, 630,24, eosl eolso, 717|m, osslw.’ 016, 767|766, m'w, oulus, 932
Meningitis, meningo- Poliomyelitis Scarlet fever
Division and State
Oct. | Oct. | Oct. |1933-| Oct. | Oct.| Oct. [ 1933- | Oct. | Oct. | Oct. | 1933-
15, | 15, | 16, | 37 | 15, | 15, | 16, | 87 | 15 | 15 | 16, | 37
1938, | 1938, | 1937, | me- | 1038, | 1038, | 1937, | me- | 1638, | 1038, | 1037, | me-
rate | cases | cases | dian | rate | cases| cases | dian | rate | cases | cases | dian
NEW ENG
Maine. ... ol 1| ofo0 0 8 3| @ 7 8 15
New Hampshire.___ (1} (1] 0o} O 0 2 1 10 1 2 4
Vermont_..____.___. 0 1] 0] 0 0 0 0 95 7 0 6
Massachusetts ol 2| 1o 0 5 5] 7| e| 65 84
Rhode Island. ol o ofo 0 1 o] 38 5 9 9
Connecticut_.._.... 0 1 1] 6 2 7 2 60 p-1] 23 2
MID. ATL.
New York 16| 4 8| 7| 2 5] 20| 20| 4] 121 139| 1719
New Jersey 12| 1| of| ofs 4] ww| 11| 88| 48| 35 45
Pennsylvania....... 1.5 3 3 2] 0 0 7 7 90 176 165 174

See footnotes at end of table.
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{ eemna ‘diseases reported by telegraph by State health officers for the week

15, 1938, rates per 100,

population (annual basis), and comparison
mth correspondmg ‘week of 1987 and S-year median—Continued P

Meningitis, meningo- Poliomyelitis Scarlet fever
Division and State
- Oct . . | 1933~ Oct. | Oct. | 1933~ Oct. | Oct. | 1933-
15, | 15 | 18, | 37 15, | 16, | 37 15, | 18, | 37
1038, | 1938, | 1987, | me- 1938, | 1937, | me- 1038, | 1937, | me-
rate | cases | cases | dian case | cases | dian cases | cases | dian
2 4 2 1 1R 2 333 318
ol 2| 2 0 3 3 122 101
3| 5| 4 1 6] 16 2k | 192 195
4] 2| 1 3| 13 18 20| 148
o] of o o] 2 7 84 115
ol of of 2 1| 2 9 53 59
1| of 1] 2 1 11 3 2| 6 49
1 1 1] 0 of 10 3 o:| 153 95
o] ol oo 0 0 0 Bl 2 2%
o] o]l oo 0 0 2 n| 1 14
o] o ofo 0 5 1 6 16
o] of oo 0 9 3 o1 62
80. ATL.
Delaware___........ 0 of o oo 0 0 0 8 1 7
3 1| 3| 2] o0 0 2 2 B| = 49
0 ol 2| 1|8 1 2 1 10 8 11
0 ol 5| 1] 1re| 1 2 1 51 35 59
6 2 2| 1]o0 0 1 1 63| s 84
4 31 1] of 15| 1 3 2 80| 80 )
28| 1 1| ofo 0 0 0 ol 10 9
0 of 3| of 7| 1 2 2 2| 2 2
0 of 1 1| 3 1 1 0 8 9 5
E. 80. CEN.
4| 1 1 1 1 4 7 84
3! 3| 3 0 3 3 52| 38 56
1] 2| 1 1 2 1 2 15 17
of 1 1 ) 8 2 19 15
2. 0 0 8 3 3 0 25 16 9
1] of 1] 0 0 1 1 1 8 1
o] of ofo o] - 10 0 7| 4 19
2| 1 1| o o] =2 2 51 53 29
0 of of o]|o 0 2 2 22 9 19
0 ol ol o] o 0 0 0 17 19 16
0 o] 1| of2 1 0 0 2 5 6
5 1{ o] o] 3] 12 1 20{ 16 2
0 o] of ofo 0 2 0 9 1 11
0 o] ol o] o 0 2 0 1 5 8
0 o] of ofo 0 3 0 8| 38 11
0 o] o] o] 3 1 4 4 28| 30 33
10 2] o o] o 0 3 2 i 26
0 ol 1| 1{3 4| 25| 2 98| 13 140
Total_e.oeeenn- L7]| 42| s7| e 15| 37| 308| 23 2,416 | 2.668 | 2.967
41 weekS. ___oeeuem- 2.4 |2.405 |4,605 (4,605 | 1.4 |1.444 | 8,433 [ 6,204 | 148,754 |177 590 | 177, 500

See footnotes at end of table.
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with correspondmg ‘week of 1937 and 5-year medwn—-Continu

1938 .

Cases of cerlain diseases reported by lelegraph by Stale l:calth o icers-Jor the week
Oct. 15, 1938, rates per 100,000 population (annual basi

, and oommrtstm

[

Smalipox Typhold and paratyphoid fever | ¥ pochine
Division and State . e S
Oct. 15, [Oct. 13, |Oct. 16, | 1983-37 |Oct. 15, [Oct. 15, |Qet. 16, | 1083-37 [oct. 15, | Oct. 15,
1938, | 1038, | 1087, | medi- | 1, | 1038, | 1987, | medi- | 1938, | 1¢ds,
NEW ENG.
ol ol of of of of of 4| ms| s
of of of of of of o o o 0
of of of of of of o o e8|
of o of of o of 1| 3 e8| &
of o of of o of of o w| =
ol of of of e 2f of 1| = &
of o of of 3| 8| = | mbs| s
0 0 0 0 5 4 3 7. 195 162
of o] of of 1| | 2| 3| e8| s
o] o 2 o] s 7 22 23| 97 125
A4 16 2 0 5 3 3 8 38 25
1 1 4 1 .10 15 24 ‘24 252 380
ol of of of ‘8| 7| 1| ‘B @
0 0 1 4 2 1 1 1 422 7
6] 3| of 3/ 8| 4 of 2| e| u
4 2 3f 1] 12| 6| w0 w| | B
0 0 1 0 21 16 26 18 4 34
0 0 2 1 “ 6 1 2 18 16
s 2| ol 1| o of 1| 1| a8 2
of o o of 4| 1 1] 1 1 5
0 0 1 0 1 4 4 6 53 19
ol o of of = 1 1| 3 5
0 0 0 0 4“7 15 4 16 -85 21
0 0 0 0 42 5 1| 2| 13\ 16
Virginia_ of o o of | w0 13| 18| 8 8
West, Virgin ol o of of 3| 12| ‘o| 25| 3. u
North Carolina 3. ._ 0 0 1 0 51 18 (] 1 134 90
South Carolina® )| 0| ol o o =z=| 8| mn|l 12| | «
G 3 0 ] -0 0 14 8 11 15 17 10
Florida 3. of of of of = 4« 3 1| [ n
E. 80. CEN.
ol o 11 o | 1] | @ uf 1
0 0 12 0 9 5 b 24 38 21
2 1 8 0 7 4 5 1 31 17
of of of of | s 8| e
of ol of of s 2| u| 6 [ 1w
of of o of = 8 7| 1| = 9
2l 1| of of 18| 8| x| | 4 2
2l 2| of o 3| = a| x| x|
MOUNTAIN
| 4 B of 2| 3| | s&| 18 1
uf  1f s o = 3 ‘& 2] “m 5
of of o o Tof of 1|: of. u 3
s 1| of of . w0 3| o w| 2
of of o o | 1| | 2| s 1
st 4l 1 o s 4f 3| 8| m=m|
ol ol ol ol Tol ol ol 1l “w ’

See footnotes at end of table.
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Cases of ceriain diseases reporied by telegraph by State healh officers for the week
Oct. 15, 1988, rates per 100,000 population (annual btm'a;, and comparison
with corresponding week of 1937 and 5-year median—Continued

Smallpox Typhoid and paratyphoid fever w&&"&?ﬂ"‘
Division and State - -
Oct. 15, |Oct. 15, |Oct. 16, | 1833-37 |Oet. 15, |Oct. 15, |Oct. 16, | 1933-37 [Oct. 15, |Oct. 18,
1938, | 1988, 1937, | medi- | 1938, | 1938, 1937, | medi- | 1938, 1038,
rate | cases | cases an rate | cases | cased | an rate | cases
PACIFIC
‘Washington..__. 3 1 [ 8 31 10 2 4 75 24
omn 10 2 8 1 1 0 2 46 9
California 3. .. qe--- 1 1 2 0 11 9 11 108 122
Total--ey...| 2 a| 8 I u| sa| as| 4| 15| 285
41 weekS. ccceaaeen- 13 | 13,000 | 8,456 | 5 565 12| 11,965 | 12,636 | 14,500 | 170 | 169,724
1 New York City only. .
1 Period ended earlier than Saturda;

3 Typhus fever, week ended Octobayr 15, 1938, 65 cases as follows: Michigan, 1; North Carolina, 1; South
Carolins, 10; Georgisa, 31; Florida, 3; Alabama, 10; Texas, 8; Californisa, 1.

SUMMARY OF MONTHLY REPORTS FROM STATES

The fol summary of cases reported monthly by States is published weekly and covers only those
States fm reports are received during the current week: ] v

Menin- Polio- p’ll;gi.d

State Diph- | Influ- | Ma- | Mea- | Pel- | mye- Scarlet | Small- | and
theria | enza | laria sles lagra | litis | fever | pox | paraty-

gococ- phoid

cus
fever
August 198
Puerto Rico...._... 0 38 8| 3,50 7 1 1 0 0 146
September 1838

9 155 76| 1,213 59 32 15 61 3 65
0 36 b ) I 8 1 9 27 0 25
4 39 38 47 10 1 143 14 42
3 7 18 4 16 9 89 11 19
2 b3 33 1 43 8 87 0 22
13 [:) N FO— 12 253 27 33 0 130
3 438 7 82 116 28 4 211 1 56
1 77 25 10 - ) I 8 397 4 83
0 7 3 1 2 0 0

94360°—88——3
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1940

Summary of monthly reports from States—Continued

August 1938

Puerto Rico:
Chickenpox.....cacaaan
Dysentery .

fasis ...

Tetanus, infantil
Vincent’s infection.
‘Whooping cough.___...

September 1938

Anthrax: ’
New York._..c.ooceaaen
Ohickenpox

Ohio (undet 2 years)...
Dysentery:
Alahama (amoebic)--.-
Towa (bacillary)..___._.
New Jersey (baclllary)-
New York (amoebic)...
New York llary). -
Ni)rth Carolina (bacil-

Cases

12

[y
N=RON O

1 Exclusive of New York City.

CASES OF VENEREAL DISEASES REPORTED FOR AUGUST 1938
These reports are published monthly for the information of health officers in order to furnish current

data as to the

revalence of the venereal diseases.

September 1938—Contd. September 1938—Contd.
Encephalitis: Cases Septlc sore throat: Cases
Alsbama__.._._........ 3 Iowa. . .....coemaanann 1
Indiana. ... 2 New Jersey. 13
Towa_______ 10 New York._._. 56
New Jersey. 1 North Caralina._ 13
New York. 10 Ohio...oo_.....__.. - 8
[0) 11 T, 1| Tetanus:
German measles: Alal [}
3
3
1
1
Typhus fever:
Alabama________ 42
North Carolina____. ..., - 4
Undulant fever:
Alabama______________ 8
Dlgtﬂct of Columbia.__. 2
................ 3
Towa_._____. 7
New Jersey.. 4
New York__.____ 43
North Carolina.__ 1
Ohio_..__.____ 10
Vermont.._______.__... 5
Vincent’s infection:
40 New York 49
30 2
5
5 o
35
1 75
Rocky Mountain spotted 958
fever: 2.282
lndmna-.-_-----------. 1 739
New 2 551
North Carolina. 3 100

The figures are taken from reports received from State

and city health officers. They are preliminary and are therefore subject to correction. It is hoped that
the publication of these reports will stimulate more complete reporting of these diseases.

Reports from States

Syphilis Gonorrhea
Ay

Casesre- | Monthly | Casesre- | Monthly

goned case rates m case rates

uring 10,000 per 10,000

= month | population| month |[population
Alabama. 1,944 6.72 278 0.96
Arizona 142 3.45 127 3.08
Arkansa! 1,125 5.49 327 1.60
California. 2,316 3.76 1,652 2.68
Colorado. 158 1.48 74 .69
ticut. 196 1.13 148 .85
Delaware. . . _ 310 11.88 72 2.76
District of Columbia. 269 4.29 211 3.37
Florida !__ 586 3.51 89 .53
QGeorgia. 2,278 7.38 426 1.38
Idaho 21 .43 21 .43
Tllinois. : 2,460 3.12 1,249 159
Indiana. 292 .84 136 .39
Towa. 235 .92 195 .76
Kansas 173 .93 65 .35
Kentucky. 885 3.03 354 121
uisiana. 1,400 6.57 126 .59
Maine. . 55 .64 65 .76
Maryland 1,125 6.70 390 2.32
Massachusetts. . 422 .95 433 .98
Michigan..__ 1,096 2.27 661 137

See footnotes at end of table.
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Reports from States—Continued
Syphilis Gonorrhea
Casesre- | Monthly | Casesre- | Monthly
B | oo | Doy | Pt
mont, PO, mon p%;ﬂstion
Minnesota. 252 .95 195 .74
Missislfpi 2,429 12.01 | , 2,699 13.3¢
Mi 948 238 | 208 .52
Montana 1. 45 .8 35 .65
Nebraska. 41 .30 64 .47
Nevada 2,
New Hampshire 2.
New J -- 736 1.69 263 .61
New Me 104 2.46 31 .78
New York. .. 6, 407 4.94 2,135 165
North Carolins. 8,979 11.39 569 1.63
North Dakota. 26 .37 49 .69
Ohio. 1,514 2.25 404 .60
Oklahoma ! 340 L33 272 L07
Oregon 3. ..
Pennsylvania_ 1,308 1.28 220 .22
Rhode Island 114 1.67 51 .75
South Carolina 2.
South Dakota 25 .36 28 .40
Tennessee. 1,132 8.91 440 152
Texas 1,723 2.7 473 .
Utah 18 .36 37 .7
Vermont. 22 .57 16 .42
Virginia. 1,100 4.07 362 1.3
‘Washington 251 1.51 292 176
West \'irginlal 393 211 95 .51
‘Wisconsin 87 .30 117 .40
‘Wyoming ! 1 .04 1 .04
Total. .. 40, 481 3.22 16, 1556 1.28
Reports from cities of 200,000 population or over
Akron, 0.3_
Atlanta, Ga 302 10.06 97 3.23
Baltimore, Md 712 8. 52 280 3.35
Birmingham, - 474 16.10 83 2.82
Boston, 163 2.05 135 1.70
Buffalo, N. Y 130 2.16 53 .88
Chicago, Il 1,715 4.68 - 852 2.32
Cincinnati, O 268 5.67 . 80 1.69
Cleveland, O 244 2.58 119 1.26
Columbus, O 130 4.15 28 .89
Dallas, Tex 273 8.98 110 8.62
Dayton, O 89 4.01 1 .05
Denver, Colo.?
Detroit, Mich. 488 2.69 258 142
Houston, Tex.3.
Indiana; , Ind 34 .88 43 1.12
Jersey City, N.J. 17 .52 8 .25
City, Mo. 60 139 2 .05
Los A Calif. 646 4.25 319 2.10
Louisville, Ky. . 320 9.71 89 2.63
Memphis, Tenn 335 11.47 60 2.05
Milwaukee, Wis.3
, M 79 1. 58 45 .90
Newark, N.J. 233 813 166 8.68
New Orleans, La.3. :
New York. N.Y 5,074 6.77 1,513 2.02
d, C: 69 2.2 67 2.14
Nebr 13 .58 M .63
zlttsbglhlh'l’nh g: i g 26 37
portland, Ore 127 3.98 8 2.5
’rovidenooNB. I 73 2.81 30 1.16
Rochester, N. 29 .85 42 1.2
8St. Louis, Mo. 401 4.76 85 1.0
8t. Paul, Minn 36 125 28 .97
8an Antonio, Tex. 134 5.12 71 27
Ban Francisco, Calif. 222 3.22 200 2.90
Seattle, Wash 112 2.89 140 8.62
8 N.Y 56 2.48 11 .49
Toledo, Ohio 3_
‘Wash , D. C.4 - 269 4.29 211 3.37
1 Incomplete. ' Not reportmg
2 No report for current month. Reported by Social Hygiene Clinic.
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WEEKLY REPORTS FROM CITIES

October 28, 1938

City reports for week ended Oct. 8, 1938

This table summarizes the reports received weekly from a selected list of 140 cities for the
showing a cross section of the current urban incidence of the communicable diseases listed in

of

table.
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Minnesota:

Duluth..._....
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=
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Baltimore. . ...

Cumberland. _

Frederick......
Dist. of Columbia:
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Florence. .......
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City reports for week ended Oct. 8, 1938—Continued
Influenza '| Scar- Ty- |Whoop-
Diph- Mea- | Pneu- Small-|Tuber- Dea
Stateand city |theria sles | moniaf Jet | "pox | culosis| PhOM | fng e
8568 | Cgaces |Deaths| 8568 deaths cases | €898 deaths eases cases | causes
Arkan
Fort Bmith---. 1 4 0 2 0 0 0
Louk, Little Rock_ 0 [ 1N P, 1 [] ) ]
Lake Charlea-- (1] 0 0 0 0 0 1] 0 0 1
New Orleans. - L 3 O 0 0 13 3 0 8 4 17 160
Shreveport---- 0 0 0 8 ] 0 8 0 0 57
(o] k lahoma
City oo 1 4 0 0 0 3 0 2 0 .0 46
Tulsa_ 0 0 3 [] [N IR )
Texas:
Dallas_____.... 1 0 0 2 1 0 2 (1] 3 56
. Galvest 0 0 0 0 2 0 0 1 0 [
Houston. 9 0 0 1 1 0 4 0 0 63
San Antonio... 1 [} 0 2 0 0 [] 0 1] 53
Mo%mﬂlings: 0 0 0 0 0 0 0 0 0 7
"Great Falls____ 0 0 1 0 0 0o} o 0 1 5
Helena. 0 0 0 0 0 0 0 0 0 ]
M S 0 0 0 0 1 0 0 0 (1} 4
Idaho:
Boise. 0 0 (1] 0 0 [ 0 0 0 [ ]
Colorado:
Colorado
8, (] 0 0 1 2 (1] 0 0 1 14
Denver [] 0 8 4 10 0 3 0 8 57
Pueblo. 0 0 0 8 0 0 4 1 2 14
New Mexico:
j tal?lbuquemue.. 0 0 0 1 0 3 1 [} 13
Salt Lake
City. 0 1 3 1 3 (4] 0 0 5 24
0 0 0 2 [ (1] 8 0 2 7
0 0 1 0 0 0 0 3 (1} 22
0 0 2 3 13 1 1 0 0 75
m (1} 0 7 0 0 [ JY D
Los Angeles_..| 16 0 6] n| =z of 2 0 18 306
Sacramento..__ 1 0 3 1] 1 0 4 0 0 35
San Fran - 0 0 75 3 2 1 4 [} 22 127
Meningitis, Meningitis,
meningococcus l;,;’;‘:' meningococcus z:)lio-
State and city Titts State and city e
Cases | Deaths| ©3%68 Cases | Deaths| 53
Connecticut: 1 0 o i 2 ° ° 1
'opeka. oo
land:
2 1 1 altimore__...___.__| 1 0 []
. Dlstrict of Columbia:
1 1] 0|l  Washington_________| o 0 1
0 1] 1 Shre port 0 1 0
veport. .oee..--|
Texas:
2 2 0 Houston. ....oaaue... 1 (1] [ ]
Colorado:
1 0 2 Denver...caeaeaaaa-. [} ] 1
0 0 1

En

or lethargic.—Cases: Wichita, 1;

cephalitis, epidemic Great Falls, 1.
Pellagra.—Cases: Philadelphh, 2; Washington, 1; Lynchburg, 1; Charleston, 8. O, 1; Atlants, 5; Sa-

vannah, 1
ﬂpluu fwer —Cases: Charleston, 8. C., 7; Savannah, 2; Birmingham, 1; New Orleans, 1; Dallas, 1.



" FOREIGN AND INSULAR

GERMANY

Vital statistics—First quarter 1938.—Following are vital statistics
for Germany for the first quarter of 1938.

Number of marriages_ - .« oo _____ 125,796
Number of live births_ _ _ __ _ ___ . 363,227
Live births per 1,000 population (exclusive of Austria)_ .. oo ___ 20.0
Number of stillbirths____ e 9,286
Total deaths (including Austria) . _ . - e 233,521
Deaths per 1,000 population (excluding Austria)_____ oo ________ 12.2
Deaths under 1 year of age____________________Coceoo.o S, 22,176
Deaths under 1 year of age per 100 live births______ _______________.__ 6.2
SWEDEN

Notifiable diseases—August 1938.—During the month of August
1938, cases of certain notifiable diseases were reported in Sweden as
follows:

Disease Cases Disease Cases
Cerebrospinal meningitis....._....._....._ 5 || Poliomyelitis. : - 1268
Diphtheria. 11 || Scarlet fever_... . 1,124
Dysentery......... 8 || Syphilis__. 31
Epidemic encephalitis_._______.__._..__.__ 6 || Typhoid fever. 13
QGonorrhea___._ 1,336 {| Undulant fever. 10
Paratyphoid fever. 137 || Weil’s disease 5

1Includes 70 cases nonparalytic at time of notification.
(1945)
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